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(54) Surface acoustic wave (SAW) filter 

(57) A SAW filter is disclosed which includes two 
reflectors (5) and a group of interdigital transducers 
(IDTs) (2; 21 , 22) located therebetween on a piezoelec- 
tric substrate (1), wherein the IDTs (2; 21, 22) comprise 
at least four input IDTs and output IDTs (21 , 22) alterna- 
tively aligned on the substrate (1) in a SAW propagation 
direction (X) to increase a transducer efficiency 



between an electronic signal and SAWs. Further, a dis- 
tance (L) between the center lines of the end electrode 
fingers (6, 7) of the adjacent input and output IDTs (21 , 
22) are set to be in a range from 0.625A, to 1.25A, {X: 
wave length of the SAW) to establish input and output 
impedances of the SAW filter. 
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Description 

The present invention relates to a surface acoustic wave (SAW) filter for use in a high frequency circuit incorporated 
in a mobile communication system or the like. 
5 Fig. 1 illustrates a SAW filter according to a prior art as described in Japanese Patent Public Disclosure (Kokai) No. 

5-267990 (1993). In Fig. 1, the numeral 1 denotes a piezoelectric substrate with 64° Y cut and propagation along X 
direction which is made of LiNb0 3> and 2 a group of inter-digital transducers (IDTs) each of which forms with a plurality 
of electrode fingers inter-digitally arranged on the piezoelectric substrate 1 in the propagation direction of the SAW. The 
IDTs 2 include an input IDT 21 located at the center thereof and having an input terminal 3, and a pair of output IDTs 
10 22 and 22 located at the opposite sides of the input IDT 21 and having an output terminal 4. The numerals 5 and 5 des- 
ignate a pair of reflectors positioned at the opposite sides of the IDTs 2 adapted to confine the SAW within the IDTs 2. 

In the prior SAW filter shown in Fig. 1 , when high frequency electric signals are provided to the input terminal 3, the 
signals are transferred to the input IDT 21 and cause the piezoelectric substrate 1 to resonate. As a consequence, 
SAWs are caused and the occurred SAWs are then propagated on the piezoelectric substrate 1 from the input IDT 21 
is toward the reflectors 5. Since the SAWs are reflected by the reflectors 5 and multiple reflections occur between the 
reflectors, resulting in that a resonance at a particular frequency (resonant frequency) is generated. A part of the reso- 
nated SAW is received at the output IDTs 22 and 22 where it is converted to a high frequency electric signal, and then 
is output from the output terminal 4. 

Fig. 2 shows a relationship between the SAW filter shown in Fig. 1 and amplitudes of SAWs at resonance frequen- 
ce cies propagating on the substrate in the X axis direction. In Fig. 2, the original point O is at the left end of the left side 
reflector 5 and the X direction extends rightwardly therefrom. As shown in Fig. 2, the resonated SAWs comprise those 
in the primary and tertiary symmetric modes respectively illustrated by solid and dot lines, wherein the resonance fre- 
quencies of these modes are different. By setting the difference between these frequencies to a desired value, a band 
pass filter characteristic is obtained. Since a concrete method of obtaining the characteristic is well-known, it will not be 
25 repeated here. 

Fig. 3 schematically illustrates frequency-attenuation characteristics (or attenuation characteristics) of such a SAW 
filter as shown in Fig. 1 . As shown in Fig. 3, there is a small attenuation frequency area A adjacent to and higher than 
a pass band. This is caused because multiple reflections of SAWs in modes different from the primary and tertiary sym- 
metric modes are generated in the frequency area A which is slightly higher than the pass band, and the resonance 

30 caused therefrom appears as spurious. In frequency areas B remote from the pass band, considerably large attenua- 
tion may be attained in comparison with the area A, due to SAWs in the areas B not being sufficiently resonated at the 
input IDT 21. However, in some cases such as a mobile communication apparatus, the attenuation in the areas B may 
not be large enough for a specification required therein. 

In order to increase the attenuation in the areas A and B outside of the pass band, it may be considered to connect 

35 a plurality of SAW filters in cascade. This method, however, also increases the attenuation in the pass band and hence 
the insertion loss in the pass band, and thus it may not be considered to be advantageous. 

In a conventional SAW filter which is directed to a lower insertion loss, a material of LiNb0 3 having a large electro- 
mechanical coupling factor (herein after, referred to "coupling factor") is generally utilized as a piezoelectric substrate 1 
as mentioned above with reference to Fig. 1. The LiNb0 3 piezoelectric substrate, however, has a relatively large tem- 

40 perature coefficient "K" of a substrate acoustic velocity "V" and thus the following disadvantages may be derived there- 
from. 

Assuming that a resonant frequency of a SAW filter is T and a wavelength of a SAW propagating on the piezoe- 
lectric substrate is "X", the acoustic velocity V can be represented as V = f • X . Accordingly, the frequency variation Af 
is proportional to the velocity variation Av, or Av = Af • X . The velocity variation Av can also be expressed as 
45 Av = K • v • AT by using the above mentioned temperature coefficient K, where AT represents the temperature varia- 
tion. From the above relationships, the following relation is obtained: 

Af = K • f • AT (1). 

so When lower and upper limit frequencies of the pass band at the normal temperature T 0 are set to F-| ( T0 ) and F U ( T0 ), 
which means the pass band width to be equal to F U ( T0 )-Fi( T0 ), and the SAW filter operates in a temperature range from 
Ti to T u , a lower limit frequency F 1(T1) at the lower limit temperature T-| will be smaller than Fi (T0 ) by 
K * F 1(T0) * ( T o' T 1) > according to Equation (1). That is: 

55 F 1CT1) = F 1cro) -K.F 1 (T 0 ).(T 0 -T 1 ) (2). 

On the other hand, an upper limit frequency F U ( Tu ) at the upper limit temperature T u will be larger than F U ( Tu ) by 
K • F U (T 0 ) • (T u -T 0 ) , according to Equation (1). That is; 
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F u(Tu) = F ucro) +K * F u ' ( T u" T o) (3)- 

For the above reason, in order that an apparatus employing a SAW filter, such as a portable telephone set, satisfies 
a specification value for a pass band width in the full usable temperature range (hereinafter, referred to "specification 

s pass band width"), it is required to set a design value of the pass band width (hereinafter, referred to "design pass band 
width") to be wider than the specification pass band width. It is noted that an extent of the pass band design width 
should be larger, as the central frequency of the pass band to be required is higher. 

By taking an example of a portable telephone set with 1 .5 GHz band, the above problem will be further explained. 
Fig. 4 is a table showing specification values required for designing band pass filters incorporated in a receiver and 

10 transmitter (reception and transmission filters) of the 1 .5 GHz band portable telephone set. The specification values are 
a usable temperature range, central frequency, and pass band width. In the example, the specification pass band width 
and the central frequency f 0 of the pass band for the reception filter are 24 MHz and 1489 MHz, respectively, and thus 
the upper and lower limit frequencies of the pass band are 1477 MHz and 1501 MHz. These specification values have 
to be satisfied in the temperature range of -20°C ~ +75°C. 

15 If an LiNb0 3 piezoelectric substrate is employed as a piezoelectric substrate of the reception band pass filter, since 
its temperature coefficient K is +70PPM, the lower limit frequency F-^o) at -20°C and the upper limit frequency F U ( +75 ) 
at +75°C may be obtained from Equations (2) and (3) with normal temperature T 0 being +30°C: 

F i(-20) = 1477 MHz " 7 0PPM x 24 MHz x {30°C-(-20°C)} 
20 = 1477 MHz -5 MHz 

= 1472 MHz. 



F u(+75) = 1501 MHz + 70PPM x 24 MHz {+75°C-30°C)} 
= 1501 MHz + 5 MHz 
= 1506 MHz. 



Accordingly, the design pass band width of the reception filter becomes 34 MHz which is wider than the specifica- 
tion pass band width by 10 MHz. Additionally, in the case that the width of the pass band of the filter is increased, the 

30 skirt characteristics thereof become gentle, and thus it is difficult to take sufficient attenuation at the frequency ranges 
outside of the pass band. The same problems as in the reception filter occur in the transmission filter. 

Fig. 5 shows a table illustrating target design values for the reception and transmission filters, of a temperature 
range, central frequency, pass band width, insertion loss in the pass band and attenuation value in the outside of the 
pass band, the specification of which is shown in the table of Fig. 4. It is seen from Fig. 5 that regarding the reception 

35 filter, the target design attenuation value in the frequency area from 1 424 MHz to 1 458 MHz is only 5dB, due to the skirt 
characteristics being gentle because of the widened pass band width. This frequency range is in the vicinity of the pass 
band for the reception filter while it is overlapped to the target design pass band for the transmission filter. Accordingly, 
there is a possibility that interference from/to the receiver to/from the transmitter may be caused. 

Further, as to the target design attenuation value in the frequency range from 1 602 MHz to 1 637 MHz for the recep- 

40 tion filter, which is far from the pass band, it is only 20dB. With regard to the transmission filter, the similar low attenua- 
tion characteristics in the outside of the pass band may be derived. 

Figs. 6(A) and 6(B) are graphs showing measurement results of attenuation characteristics of a conventional SAW 
band pass filter which has been formed to have such a constitution as illustrated in Fig. 1 and to satisfy the target design 
values enumerated in Fig. 5. That is, the SAW filter comprises an LiNb0 3 piezoelectric substrate of 64° Y cut and X axis 

45 propagation characteristic, three input and output IDTS formed on the piezoelectric substrate, and two reflectors con- 
stituted with 250 electrode fingers at the opposite sides of the IDTs on the substrate. Fig. 6(A) shows the attenuation 
characteristics in the pass band, while Fig. 6(B) designates those in the outside of the pass band. It can be seen from 
these graphs that the skirt characteristics are gentle due to the pass band being widened. 

As explained above, a SAW filter according to a prior art has such a problem that attenuation in the outside of a 

so pass band becomes small due to temperature characteristics of a piezoelectric substrate. Further, if a plurality of SAW 
filters are connected in cascade in order to obtain substantially large attenuation in the outside of the pass band, there 
is raised such a problem as resulting in a larger insertion loss in the pass band. In addition thereto, since the pass band 
in the SAW filter has to be widened in order to satisfy the specification pass band width in a full predetermined temper- 
ature range, setting of the design pass band width becomes difficult. 

55 It is an object of this invention to provide a SAW filter which corrects the problems set forth above, thereby an inser- 
tion loss in a pass band is made small, an attenuation value in the outside of the pass band is made large, and a design 
of the pass band width is made easier. 

This object is achieved by a SAW filter according to the present invention which comprises: 
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a piezoelectric substrate; 

at least four input and output interdigital transducers (IDTs) alternatively aligned on said substrate in a SAW prop- 
agation direction and being respectively connected to input and output terminals of said SAW filter; and 
two reflectors positioned at the opposite sides of said IDTs on said substrate, wherein a distance between the 
5 center lines of electrode fingers at the inner ends of the adjacent input and output IDTs is set to be within a range 

from 0.625A, to 1 .25X, where X denotes a wave length of a resonant frequency of the SAW filter. 

In the SAWfilter, it is preferred that the number of the input and output IDTs is an odd number equal to or more than 
five, and the substrate is made of LiTa0 3 having 36° Y cut and X axis SAW propagation characteristic. 

10 Further, in an embodied SAW filter, at least a resonator is additionally included which has a pair of terminals 
respectively connected to the input or output terminal of the SAWfilter and the input or output IDTs, and an anti-reso- 
nant frequency of which is set to be substantially the same as a frequency of a primary upper sidelobe of a main filter 
part comprising the IDTs and reflectors, whereby the primary upper sidelobe is suppressed. The resonator is preferably 
constituted on the substrate and consists of an IDT and two reflectors at the opposite sides of the IDT. 

15 Furthermore, in another embodied SAW filter, at least a resonator is additionally included which has a pair of ter- 
minals respectively connected to the input or output terminal of the SAWfilter and ground, and a resonant frequency of 
which is set to be substantially the same as a frequency of a primary lower sidelobe of a main filter part comprising the 
IDTs and reflectors, whereby the primary lower sidelobe is suppressed. The resonator is preferably constituted on the 
substrate and consists of an IDT and two reflectors at the opposite of the IDT. 

20 In a further embodied SAW filter, a first resonator having a pair of terminals respectively connected to the input ter- 
minal of the SAWfilter and the input IDTs and a second resonator having a pair of terminals respectively connected to 
the output terminal of the SAW filter and ground, wherein an anti-resonant frequency of the first resonator is set to be 
substantially the same as a frequency of a primary upper sidelobe of a main filter part comprising the IDTs and reflec- 
tors, and a resonant frequency of the second resonator is set to be substantially the same as a frequency of a primary 

25 lower sidelobe of the main filter part, whereby the primary upper and lower sidelobes are suppressed. It is preferred that 
each of the first and second resonators is constituted on the substrate and consists of an IDT and two reflectors at the 
opposite sides of the IDT. It is possible to connect the terminals of the first resonator to the output terminal and the out- 
put IDTs and to connect the terminals of the second resonator to the input terminal and ground. 

30 Fig. 1 illustrates a constitution of a SAW filter according to a prior art; 

Fig. 2 is an explanatory diagram showing amplitudes of SAWs propagating in the direction of an X axis of the prior 
SAWfilter shown in Fig. 1 ; 

Fig. 3 is an explanatory graph showing attenuation characteristics of the prior SAWfilter shown in Fig. 1 ;, 

Fig. 4 is a table illustrating an example of specification values required in reception and transmission filters for a 

35 portable telephone; 

Fig. 5 illustrates design values corresponding to the specification values shown in Fig. 4 in a case that the reception 
and transmission SAW filters are constituted in line with the prior SAW filter shown in Fig. 1 ; 
Figs. 6(A) and 6(B) are graphs showing measurement results of attenuation characteristics of a prior SAW filter as 
shown in Fig. 1 which has been constituted to satisfy the design values shown in Fig. 5; 

40 Fig. 7 illustrates a constitution of a SAW filter according to an embodiment of the present invention; 

Fig. 8 is an explanatory diagram showing amplitudes of SAWs propagating in the direction of X axis of the SAW 
filter shown in Fig. 7; 

Fig. 9 is a table showing design values corresponding to the specification values illustrated in Fig. 4 in a case that 
the reception and transmission SAW filters are constituted according to the first embodiment shown in Fig. 7; 
45 Fig. 10 illustrates the relationship between input and output IDTs of the first embodiment shown in Fig. 7, wherein 
the reference symbol L denotes a distance between the centers of the end electrode fingers thereof; 
Figs. 1 1 (A) and 1 1 (B) are graphs showing measurement results of attenuation characteristics of a SAW filter which 
has been constituted according to the first embodiment shown in Fig. 7; 

Fig. 12 illustrates a constitution of a SAWfilter according to a second embodiment of the present invention; 
so Fig. 13 is an explanatory sketch explaining a function of SAW resonators incorporated in the second embodiment 
shown in Fig. 12; 

Figs. 14(A) - 14(C) are explanatory graphs explaining an operation of the second embodiment, wherein Figs. 14(A) 
and 14(B) respectively show attenuation characteristics of the SAW resonators and a main filter part of the second 
embodiment and Fig. 14(C) illustrates attenuation characteristics of the second embodiment; 
55 Figs. 1 5(A) and 1 5(B) are graphs showing measurement results of attenuation characteristics of a SAW filter which 
has been constituted in line with the second embodiment shown in Fig. 12; 

Fig. 16 illustrates a constitution of a SAWfilter according to a third embodiment of the present invention; 

Fig. 17 is an explanatory sketch explaining a function of SAW resonators incorporated in the third embodiment 

shown in Fig. 16; 
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Figs. 18(A) - 18(C) are explanatory graphs explaining an operation of the third embodiment shown in Fig. 17, 
wherein Figs. 18(A) and 18(B) respectively show attenuation characteristics of the SAW resonators and a main fil- 
ter part of the third embodiment and Fig. 18(C) illustrates attenuation characteristics of the whole third embodi- 
ment; 

5 Fig. 1 9 illustrates a constitution of a SAW filter according to a fourth embodiment of the present invention; 

Figs. 20(A) and 20(B) are explanatory diagrams explaining an operation of the fourth embodiment shown in Fig. 19, 
which respectively show attenuation characteristics of a main filter part and the whole fourth embodiment; and 
Fig. 21 illustrates a constitution of a SAW filter according to a fifth embodiment of the present invention. 

10 By referring to Figs. 7 - 21 , preferred embodiments of the present invention will now be explained. 

Fig. 7 illustrates a constitution of an embodiment of a surface acoustic wave (SAW) filter according to the present 
invention. In Fig. 7, the reference numeral 1 designates a piezoelectric substrate which has 36° Y cut and X axis prop- 
agation characteristic and has been made from LiTa0 3 . The coupling factor of LiTa0 3 is small as compared with that of 
LiNb0 3 employed in such a prior art as shown in Fig. 1. The reference numeral 2 denotes a group of IDTs consisting of 

15 three input IDTs 21 which are located at the central position on the substrate 1 and the opposite sides of the group, and 
two output IDTs 22 which are disposed between the central input IDT and the opposite side input IDTs. Accordingly, the 
group of the IDTs 2 are made up five IDTs in total and the input IDTs 21 and the output IDTs 22 are alternatively 
arranged on the piezoelectric substrate along the propagation direction of SAWs. The input IDTs 21 are connected to 
an input terminal 3 while the output IDTs 22 are connected to an output terminal 4. The respective IDTs are formed with 

20 electrode fingers arranged in a manner of a pair of so-called comb structures. The reference numeral 5 designates two 
reflectors provided at the opposite sides of the IDTs 2 and adapted to confine the SAWs within the IDTs 2. The refer- 
ence numeral 6 designates electrode fingers located at sides of the input IDTs 21 and, the reference numeral 7 desig- 
nates electrode fingers located at sides of the output IDTs 22, wherein the electrode fingers 6 and 7 face to each other 
with distance of "L". Preferred values of the distance L will be explained after with reference to Fig. 10. 

25 According to the present embodiment, the IDTs 2 is comprised of five IDTs, which is increased by two as compared 
with the prior art including three IDTs shown in Fig. 1 . This is because, since the coupling factor of the LiTa0 3 piezoe- 
lectric substrate 1 used in the embodiment is smaller than that of the LiNb0 3 piezoelectric substrate used in the prior 
art and thus the insertion loss is increased in the present embodiment, the increased insertion loss is compensated by 
increasing the quantity of the IDTs 2. 

30 In the SAW filter constituted according to the present embodiment, since the basic operation with respect to the res- 
onation and reception of SAWs is the same as that of the prior SAW filter illustrated in Fig. 1, explanation thereof will 
not be repeated here. 

Fig. 8 shows the distribution of amplitude of the SAWs in the propagation direction or X axis at resonance frequen- 
cies with reference to the SAW filter shown in Fig. 7. As shown in Fig. 7, according to the first embodiment, the SAWs 

35 are generated in the primary and quintic symmetric modes which are illustrated by the solid and dot lines respectively. 
The resonance frequencies in these modes are different from each other and it is possible to acquire a SAW band pass 
filter by making the difference between these resonance frequencies a desired value. 

Fig. 9 is a table showing target design values of 1.5 GHz band reception/transmission filters which employ LiTaO s 
piezoelectric substrates, where the associated specification values are listed in the table of Fig. 4. The target design 

40 values are a usable temperature range, central frequencies, pass bands, insertion loss in the pass bands and attenua- 
tion values in ranges out of the pass bands. Since the temperature coefficient K of an LiTa0 3 piezoelectric substrate is 
+28PPM, the variation in frequency depending on temperatures is smaller than that of an LiNb0 3 piezoelectric sub- 
strate and hence a pass band design value of a SAW filter employing the former substrate may be smaller than that of 
the latter substrate. 

45 For example, if the design band pass width of the LiTa0 3 SAW reception filter is calculated using the above Equa- 
tions (2) and (3) and the specification values shown in Fig 4, since the usable temperature range is from -20°C to +75°C, 
the lower limit frequency of the pass band is smaller than the specification value of 1477 MHz by 2 MHz (= 1477 MHz 
x 28PPM x (30°C-(-20°C)) and the upper limit value of the same is larger than the specification value of 1501 MHz by 
2 MHz (= 1501 MHz x 28 ppm x (75°C-30°C)). Accordingly, the design pass band width for the reception filter is 28 

so MHz, that is from 1475 MHz to 1503 MHz, as shown in Fig. 9. Although the target design pass band width has to be 
widened by 4 MHz as compared to the specification one in the LiTa0 3 SAW reception filter, the target pass band width 
is narrow by 6 MHz as compared to 34 MHz in the case of the LiNb0 3 SAW reception filter (see Fig. 5). 

Therefore, the skirt characteristics in the LiTa0 3 SAW filter will be steep, and thus the attenuation in ranges out of 
the pass band will be larger than that in the prior LiNb0 3 SAW filter. The same advantages can be also derived in the 

55 LiTa0 3 transmission filter. 

Fig. 10 is an enlarged view of a part of the IDTs 2 of the embodied SAW filter shown in Fig. 7. In the SAW filter, the 
distance L between the centers of the end electrode fingers 6 and 7 of the input and output IDTs 21 and 22 is selected 
to be in a range from 0.625A, to 1 .25X where ^ is a wave length the SAW This distance range has been practically deter- 
mined by preparing several kinds of the SAW filters shown in Fig. 7, which have different dimensions for the distance L, 
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and by measuring insertion losses and pass band widths thereof. When the distance L is selected to be within the range 
from 0.625A, to 1 .25A,, since input and output impedances of the SAW filter are near to 50Q, the insertion loss becomes 
comparatively small. On the other hand, if the distance L goes out of the range, since the input and output impedances 
depart from 50Q, the insertion loss becomes larger. In general, the characteristic impedance of a device used in a 
5 microwave band (or equal to or above the UHF band) is 50Q, and therefore the SAW filter having an impedance match- 
ing with an external circuit will be provided by establishing the distance L within the range of 0.625A, to 1 .25A, as shown 
in Fig. 10. 

In accordance with the first embodiment shown in Fig. 7 with the target design values enumerated in Fig. 9 and with 
the distance L within the range of 0.625A, to 1 .25X, a trail product of a SAW filter has been manufactured. That is, five 
10 IDTs as the group of the IDTs 2 were formed on an LiTa0 3 piezoelectric substrate with 36° Y cut and X axis propagation 
characteristic and two reflectors each constituted by 100 electrode fingers positioned at the opposite sides of the IDTs 

2 on the substrate. Measurement results of attenuation characteristics (or frequency to attenuation characteristics) of 
the manufactured SAW filter are shown in Figs. 1 1(A) and 1 1(B), graphs in which respectively illustrate the character- 
istics within the pass band and the outsides of the pass band. Comparing Figs. 1 1(A) and 1 1(B) with Figs. 6(A) and 

is 6(B), it is apparent that the SAW filter according to the embodiment of the present invention results in a smaller insertion 
loss in the pass band while a larger attenuation in the outsides of the pass band than the prior art as explained by refer- 
ring to Fig. 1 . These advantages are due to the fact that the number of IDTs has been increased, the design pass band 
width has been narrowed and the skirt characteristics have been steep, as compared with the prior art. 

Fig. 12 illustrates a constitution of a SAW filter according to a second embodiment of the present invention. In Fig. 

20 12, numerals 1 - 5, 21 and 22 designate the same or identical components as those of the first embodiment shown in 
Fig. 7 and numeral 10 denotes a main filter part. That is, the main filter part 10 has the same constitution as the SAW 
filter shown in Fig. 7 and is arranged on the LiTa0 3 piezoelectric substrate 1 with 36° Y cut and X axis propagation char- 
acteristic. In the second embodiment, a pair of SAW resonators 8 are respectively provided between the input terminal 

3 and the input IDTs 21 and between the output terminal 4 and the output IDTs 22. Each of the resonators 8 is com- 
25 prised of a central IDT 23 and reflectors 9 located at the opposite sides of the IDT 23 and has a pair of terminals con- 
nected to the input or output terminal 3 or 4 and the input or output IDTs 21 or 22. 

An operation of the SAW filter according to the second embodiment will now be explained. It is considered in view 
of the signal transmission route of the SAW filter that each of the SAW resonators 8 is connected in series between the 
input or output terminal 3 or 4 and the main filter part 10 as shown in Fig. 13. Accordingly, an electric signal having a 

30 resonant frequency fr of the resonator 8 input to the input terminal 3 is caused to pass to the output terminal 4 through 
the resonator 8 without substantial attenuation, while an electric signal having an anti-resonant frequency fa of the res- 
onator 8 is caused substantially not to pass to the output terminal 4, resulting in attenuation extremity at fa. 

Such attenuation (or transmission) characteristics of the resonator 8 as above are illustrated in Fig. 14(A). In the 
meantime, the main filter part 1 0 shown in Fig. 1 2 exhibits attenuation characteristics as illustrated in Fig. 1 4(B) and has 

35 a sidelobe at a frequency fs1 immediately higher than the pass band, or a primary upper sidelobe. The attenuation 
characteristics of the main filter part 10 are the same as those shown in Figs. 1 1(A) and 1 1(B) and explained with ref- 
erence to the first embodiment. 

It is to be noted here that if the SAW resonator 8 having a pair of terminals and the main filter part 10 in Fig. 12 are 
so constructed that the anti-resonant frequency fa of the attenuation extremity shown in Fig. 14(A) and the frequency 

40 fs1 of the primary upper sidelobe shown in Fig. 14(B) is substantially equal, since the SAW resonator 8 and the main 
filter part 10 are connected in series with each other, the sidelobe at the frequency fs1 of the main filter part 10 will be 
suppressed by the attenuation extremity at the frequency fa of the SAW resonator 8 and thus the attenuation at the 
higher side out of the pass band will be made larger as shown in Fig. 14(C). 

Furthermore, since the resonant frequency fr of the resonator 8 will exist in the pass band of the main filter part 10, 

45 the additional insertion loss in the pass band increased by adding the resonators 8 to the main filter part 10 will be 
small. Accordingly, the total insertion loss in the pass band can be lowered as compared with the case that a plurality 
of main filter parts 10 are connected in multiple stages. 

From the afore-mentioned explanation, the second embodiment shown in Fig. 12 is constituted such that the anti- 
resonant frequency fa of the SAW resonators 8 is substantially the same as the frequency fs1 of the primary upper 

so sidelobe of the main filter part 10, thereby the attenuation characteristics as shown in Fig. 14(C) can be attained. It will 
be obvious to any expert in the field that it is possible to delete either one of the resonators 8 in the first embodiment. 

Figs. 15(A) and 15(B) illustrate measurement results of the attenuation characteristics of a SAW filter which was 
constituted for testing in accordance with the second embodiment. The piezoelectric substrate 1 and the main filter part 
10 were constituted in the same manner as those of the SAW filter according to the first embodiment. Each of the SAW 

55 resonators 8 is constituted in such a manner that the central IDT 23 is comprised of 161 electrode fingers and each of 
the reflectors 9 is comprised of 100 electrode fingers. Further, the anti-resonant frequency fa of the resonator 8 was set 
at 1535 MHz. From Figs. 15(A) and 15(B), it is seen that the insertion loss in the pass band of the second embodiment 
is almost the same as shown in Figs. 1 1(A) and 1 1(B) and the attenuation value in the vicinity of 1535 MHz which is 
outside of the pass band is substantially large. 
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As explained above, according to the second embodiment of the present invention, a SAW filter having a low inser- 
tion loss in the pass band and having a large attenuation in the outside of the pass band will be provided. Even if one 
of the resonators 8 is deleted from the second embodiment, the operation and function will be substantially maintained. 
Next will be an explanation of a third embodiment of the present invention. Fig. 16 illustrates a constitution of a SAW 

5 filter according to the third embodiment. In Fig. 16, all the reference numerals are identical to those of the second 
embodiment shown in Fig. 1 2, provided that a pair of terminals of each of the SAW resonators 8 in the third embodiment 
are respectively connected between the input or output terminal 3 or 4 and the ground, while the terminals of each of 
the SAW resonators 8 in second embodiment are respectively connected between the input or output terminal 3 or 4 
and the input or output IDTs 21 or 22. Namely, in the SAW filter according to the third embodiment, the main filter part 

10 10, which is identical to the SAW filter according to the first embodiment, is disposed on the LiTaC>3 piezoelectric sub- 
strate 1 of 36° Y cut and X axis propagation characteristic, and the SAW resonators 8, each of which includes the cen- 
tral IDT 23 and the reflectors 9, are connected in parallel with the input and output IDTs 21 and 22. That is, the 
respective pairs of terminals thereof are connected to the input and output terminals 3 and 4 and the ground. 

In the third embodiment, it is considered in view of the signal transmission route that each of the SAW resonators 

15 8 forms a parallel circuit network having two terminal pairs wherein the respective terminal pairs are connected with the 
input terminal 3 and the ground and the output terminal 4 and the ground, as shown in Fig. 1 7, an electric signal having 
the anti-resonant frequency fa input to the input terminal 3 is subjected to pass to the output terminal 4 without substan- 
tial attenuation while an electric signal having the resonant frequency f r is subjected to grounded through the resonators 
8 and substantially not to pass to the output terminal 4, resulting in attenuation extremity. Namely, it exhibits the atten- 

20 uation characteristics as shown in Fig. 18(A). 

The main filter part 10 in the third embodiment has the same attenuation (or transmission) characteristics as in 
Figs. 1 1 (A) and 1 1 (B) and as explained in connection with the first embodiment, and exhibits such attenuation charac- 
teristics as shown in Fig. 18(B) having the primary lower sidelobe at a frequency fs2 out of the pass band. 

It is here to be noted that if the SAW resonators 8 and the main filter part 10 are so constituted that the resonant 

25 frequency fr in Fig. 18(A) and the frequency fs2 of the primary lower sidelobe in Fig. 18(B) are the same, the primary 
lower sidelobe will be suppressed by the attenuation extremity of the frequency fr as shown in Fig. 18(C) because the 
main filter part 10 and the SAW resonators 8 are connected in parallel. Accordingly, the attenuation in the lower side 
out of the pass band by the SAW filter will be made large. 

At this relationship, since the anti-resonant frequency fa of the SAW resonators 8 is included in the pass band of 

30 the main filter part 10, the additional insertion loss in the pass band caused by inserting the resonators 8 will be small. 
Accordingly, the total insertion loss in the pass band of the third embodiment will be small as compared to the main filter 
part 10 being connected in multiple stages. It is obvious to any expert in this field that even if one of the resonators is 
deleted, similar operation and advantages will be obtained. 

As explained above, according to the third embodiment of the present invention, a SAW filter exhibiting a large 

35 lower sidelobe attenuation characteristic, with maintaining a low insertion loss in a pass band, will be provided. 

Fig. 19 illustrates a constitution of a SAW filter in accordance with a fourth embodiment of the present invention. In 
Fig. 19, all the numerals are identical to those shown in Fig. 12 or 16, and however the SAW resonator 8 at the input 
side is connected as shown in Fig. 12 and the SAW resonator 8 at the output side is connected as shown in Fig. 16. 
Namely, in the fourth embodiment, the main filter part 10 are arranged on the LiTa0 3 piezoelectric substrate 1 of 36° Y 

40 cut and X axis propagation characteristic, each of the SAW resonators 8 is comprised of the central IDT 23 and the 
opposite side reflectors 5, and the SAW resonator 8 at the input side is connected between the input terminal 3 and the 
input IDTs 21 while the SAW resonator 8 at the output side is connected between the output terminal 4 and the ground. 
In other words, the SAW resonators at the input and output sides are connected in series and parallel with the input 
IDTs 21 and output IDTs 22 of the main filter part 10, respectively. 

45 In the SAW filter according to the forth embodiment, the SAW resonator 8 positioned at the input side and con- 
nected in series with the input IDTs 21 exhibits such attenuation characteristics as shown in Fig. 14(A), as explained in 
connection with the second embodiment. On the other hand, the SAW resonator 8 positioned at the output side and 
connected in parallel to the output IDTs 22 exhibits such attenuation characteristics as shown in Fig. 18(A), as 
explained in connection with the third embodiment. 

so In the meantime, the main filter part 1 0 in the fourth embodiment exhibits such attenuation characteristics as shown 
in Fig. 20(A) which are identical to those in Figs. 14(B) and 18(B), and having the primary upper and lower sidelobes at 
the frequencies fs1 and fs2 outside of the pass band. 

The SAW filter according to the fourth embodiment is further constituted such that the frequency fa of the attenua- 
tion extremity (see Fig. 14(A)) exhibited by the SAW resonator 8 at the input side and the frequency fs1 of the upper 

55 sidelobe (shown in Fig. 20(A)) exhibited by the main filter part 10 are substantially equal to suppress upper sidelobe by 
the attenuation extremity, and the frequency fr of the attenuation extremity (see Fig. 18(A)) exhibited by the SAW reso- 
nator 8 at the output side and the frequency fs2 of the lower sidelobe (shown in Fig. 20(A)) exhibited by the main filter 
part 10 are substantially equal to suppress the lower sidelobe by the attenuation extremity, as explained in connection 
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with the second and third embodiments. The SAW filter according to the fourth embodiment is thus capable of exhibiting 
such a characteristic that the attenuation values outside the pass band are made large. 

Furthermore, by setting that fa = fs1 and fr = fs2 as mentioned above, the resonant frequency fr of the SAW reso- 
nator 8 at the input side (see Fig. 14(A)) and the anti-resonant frequency fa of the SAW resonator 8 at the output side 

5 (see Fig. 18(A)) will be included in the pass band of the main filter part 10, and, therefore, the additional insertion loss 
in the pass band caused by inserting the SAW resonators 8 will be made small in comparison with the case where a 
plurality of main filter parts 10 are connected in a serial stage. 

As explained above, the SAW filter according to the fourth embodiment is capable of exhibiting such attenuation 
characteristics as shown in Fig. 20(B), and thus having the low insertion loss in the pass band and the large attenuation 

10 characteristics in the outsides of the pass band. 

Fig. 21 illustrates a constitution of a SAW filter according to a fifth embodiment of the present invention. In the fifth 
embodiment, the constitution is substantially the same as the fourth embodiment shown in Fig. 19, provided that on the 
contrary to the fourth embodiment, the SAW resonator 8 at the input side in the fifth embodiment is connected between 
the input terminal 3 and ground while the SAW resonator 8 at the output side in the fifth embodiment is connected 

is between the output terminal 4 and the output IDTs 22 of the main filter part 10. 

In the fifth embodiment, the main filter part 10 is exhibits such attenuation characteristics as shown in Fig. 20(A) (or 
Fig. 14(B) or 18(B)), and the SAW resonators 8 at the input and output sides are constituted to exhibit such attenuation 
characteristics as shown in Figs. 18(A) and 14(A) explained in connection with the third and second embodiments, 
respectively. Further, in the fifth embodiment, the frequency fr of the attenuation extremity in Fig. 18(A) of the SAW res- 

20 onator 8 at the input side is set to be equal to the frequency fs2 of the primary lower sidelobe (in Fig. 20(A)) of the main 
filter part 10 and the anti-resonant frequency fa of the attenuation extremity in Fig. 14(A) of the SAW resonator 8 at the 
output side is set to be equal to the frequency fs1 (in Fig. 20(A)) of the primary upper sidelobe. 

Since the SAW resonator 8 at the input side and the input IDTs 21 of the main filter part 1 0 are connected in parallel 
to each other and the SAW resonator 8 at the output side and the output IDTs 22 of the main filter part 1 0 are connected 

25 in series to each other, the lower and upper sidelobes at the frequencies fs2 and fs1 of the main filter part 10 will be 
suppressed by the attenuation extremities at fr and fa, whereby the attenuation outside of the pass band will be made 
larger. 

Furthermore, by the above constitution, since the anti-resonant frequency fa (in Fig. 18(A)) of the SAW resonator 
8 at the input side and the resonant frequency fr (in Fig. 14(A)) are included within the pass band, the additional inser- 

30 tion loss in the pass band caused by inserting the SAW resonators 8 will not increase so much. Accordingly, the total 
insertion loss in the pass band will be made small as compared to the case in which the main filter parts 10 are con- 
nected at multiple stages. By the fifth embodiment, the attenuation characteristics as shown in Fig. 20(B) will be 
obtained, and thus a SAW filter having a low insertion loss in the pass band and large attenuation outside of the pass 
band will be provided similarly to the fourth embodiment of the present invention. 

35 It has been explained that an LiTa0 3 piezoelectric substrate of 36° Y cut and X axis propagation characteristic is 
employed in the respective embodiments. However, other piezoelectric substrates may also be applied to the present 
invention, as long as a usable temperature range for a SAW filter is narrow or the requirement for a temperature coeffi- 
cient of the piezoelectric substrate is not so strict. 

Furthermore the number of the IDTs of the main filter part 1 0 is not limited to only five but also more than or equal 

40 to four in order to reduce an insertion loss in the pass band in comparison with a prior art in which three IDTs are utilized 
in the main filter part 10. 

It is possible to exchange the input and output terminals 3 and 4 in the respective embodiments, in which case the 
attenuation characteristics of the initial SAW filter will naturally be retained. It is also possible to modify such that two 
SAW resonators 8 and the main filter part 10 are provided on different piezoelectric substrates or that the resonators 8 
45 are instituted as discrete component(s). 

According to the present invention, the following advantages will be derived: 

Since the number of IDTs of the SAW filter or main filter part is more than or equal to four, the mutual conversion 
efficiency between electrical signals and SAWs may be enhanced. Furthermore, since the distance L between the 
opposing innermost electrode fingers of the IDTs has been selected to be in a range from 0.625X to 1 .25A, as shown in 
so Fig. 10, the input and out impedances of the SAW filter will be almost 50Q, whereby the insertion loss in the pass band 
may be made small. 

By selecting the number of IDTs to be odd numbers more than five, the mutual conversion efficiency between the 
electric signals and the SAWs may be enhanced, whereby the insertion loss in the pass band may be further reduced, 
and since the structures of the IDT group may be symmetric with the central IDT as the center, freedom in the design 
55 of the SAW filter may be so increased that the design may be made easier. 

By connecting the input terminal and/or output terminal of the SAW filter with the input IDTs and/or output IDTs of 
the main filter part via resonator(s) connected there between, it is possible for the position (or frequency) of the attenu- 
ation extremity of the resonator(s) to superimpose on the position of the upper sidelobe caused by the main filter part, 
whereby the attenuation in the upper side out of the pass band will be made larger. Further, by connecting the input 
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terminal and/or output terminal of the SAW filter with the input IDTs and/or output IDTs via resonator(s) connected 
between the terminal(s) and ground, it is possible for the position of the attenuation extremity of the resonator(s) to be 
superimposed on the position of the lower sidelobe caused by the main filter part, whereby the attenuation in the lower 
side out of the pass band will be made larger. 

5 Furthermore, by connecting one of the input and output terminal of the SAW filter to a corresponding input or output 

IDTs of the main filter part via the resonator connected between the terminal and the ground, and by connecting the 
other terminal to the corresponding output or input IDTs via a resonator connected therebetween, it is possible for the 
positions of the attenuation extremities of the resonators to be superimposed on the lower and upper sidelobes respec- 
tively occurring in the main filter part, whereby attenuation in the lower and upper side out of the pass band will be made 

10 larger. 

In addition to the above, by constituting the resonators as SAW resonators which consist of IDTs provided on a pie- 
zoelectric substrate and reflectors provided at the opposite sides of the IDTs on the substrate, it is possible to provide 
both the filter body and the resonators on the same piezoelectric substrate, whereby a SAW filter of a compact size may 
be obtained. 

15 Furthermore by employing an LiTa0 3 piezoelectric substrate of 36° Y cut and X axis propagation characteristics as 

a relevant piezoelectric substrate, a SAW filter will have a small frequency variation depending on temperature, whereby 

it will be easier to design a pass band width. 

Having described the present invention as related to the embodiments, it is further understood by those skilled in 

the art that other various changes and modifications may be made in this invention without departing from the spirit and 
20 scope thereof. For instance, the input and output impedances of the SAW filter may be set to other than 50Q on the 

basis of impedances of external circuits. 

Claims 

25 1 . A surface acoustic wave (SAW) filter comprising: 
a piezoelectric substrate (1); 

at least four input and output interdigital transducers (IDTs) (21 , 22) alternatively aligned on the substrate (1) 
in a SAW propagation direction (X) and being respectively connected to input and output terminals (3, 4) of the 
30 SAW filter; and 

two reflectors (5) positioned at the opposite sides of the IDTs (21 , 22) on the substrate (1), wherein a distance 
(L) between the center lines of electrode fingers (6, 7) at the inner ends of the adjacent input and output IDTs 
(21 , 22) is set to be within a range from 0.625A, to 1 .25A,, where X denotes a wave length of a resonant fre- 
quency of the SAW filter. 

35 

2. The SAW filter according to claim 1 , 

wherein the number of the input and out put IDTs (21, 22) is an odd number equal to or more than five. 

3. The SAW filter according to claim 1 or 2, 

40 further comprising at least one resonator (8) having a pair of terminals respectively connected to the input or output 
terminal (3, 4) of the SAW filter and the input or output IDTs (21 , 22). 

4. The SAW filter according to claim 3, 

wherein an anti-resonant frequency of the resonator (8) is set to substantially the same as a frequency of a primary 
45 upper sidelobe of a main filter part (10) comprising the IDTs (21 , 22) and reflectors (5), whereby the primary upper 
sidelobe is suppressed. 

5. The SAW filter according to claim 3 or 4, 

wherein the resonator (8) is constituted on the substrate (1) and consists of an IDT (23) and two reflectors (9) at 
so the opposite sides of the IDT (23). 

6. The SAW filter according to claim 1 or 2, 

further comprising at least one resonator (8) having a pair of terminals respectively connected to the input or output 
terminal (3, 4) of the SAW filter and ground. 

55 

7. The SAW filter according to claim 6, 

wherein a resonant frequency of the resonator (8) is set to be substantially the same as a frequency of a primary 
lower sidelobe of a main filter part (10) comprising the IDTs (21 , 22) and reflectors (5), whereby the primary lower 
sidelobe is suppressed. 
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8. A SAW filter according to claim 6 or 7, 

wherein the resonator (8) is constituted on the substrate (1) and consists of an IDT (23) and two reflectors (9) at 
the opposite of the IDT (23). 

5 9. The SAW filter according to claim 1 or 2, 
further comprising: 

a first resonator (8) having a pair of terminals respectively connected to the input terminal (3) of the SAW filter 
and the input IDTs (21); and 

10 - a second resonator (8) having a pair of terminals respectively connected to the output terminal (4) of the SAW 
filter and ground. 

10. The SAW filter according to claim 9, 

wherein an anti-resonant frequency of the first resonator (8) is set to be substantially the same as a frequency of a 
is primary upper sidelobe of a main filter part (1 0) comprising the IDTs (21 , 22) and reflectors (5), and a resonant fre- 
quency of the second resonator (8) is set to be substantially the same as a frequency of a primary lower sidelobe 
of the main filter part (10), whereby the primary upper and lower sidelobes are suppressed. 

1 1 . The SAW filter according to claim 1 0, 

20 wherein each of the first and second resonators (8) is constituted on the subtrate (1) and consists of an IDT (23) 
and two reflectors (9) at the opposite sides of the IDT (23). 

12. The SAW filter according to claim 1 or 2, 
further comprising: 



25 



30 



40 



45 



50 



a first resonator (8) having a pair of terminals respectively connected to the output terminal (4) of the SAW filter 
and the output IDTs (22); and 

a second resonator (8) having a pair of terminals respectively connected to the input terminal (3) of the SAW 
filter and ground. 



13. The SAW filter according to claim 12, 

wherein an anti-resonant frequency of the first resonator (8) is set to substantially the same as a frequency of a 
primary upper sidelobe of a main filter part (10) comprising the IDTs (21 , 22) and reflectors (5), and a resonant fre- 
quency of the second resonator (8) is set to subtantially the same as a frequency of a primary lower sidelobe of the 
35 main filter part (10), whereby the primary upper and lower sidelobes are suppressed. 

14. The SAW filter according to claim 12 or 13, 

wherein each of the first and second resonators (8) is constituted on the substrate (1) and consists of an IDT (23) 
and two reflectors (9) at the opposite sides of the IDT (23). 



15. The SAW filter according to any of claims 1 to 14, 

wherein the substrate (1) is made of LiTa0 3 having a 36° Y cut and an X axis SAW propagation characteristic. 



55 
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Fig. 9 
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Fig. 10 
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Fig. 1 1(A) 
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Fig. 15(A) 
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Fig. 20(A) 
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